In terms of NCEP/NCAR daily reanalysis data, the position variation of the west Pacific subtropical high (WPSH) in June 2005 and its relation to diabatic heating are analyzed based on the complete vertical vorticity equation. The results show that the position variation of WPSH is associated with the diabatic heating in subtropical areas. In comparison with the climatology, there is strong heating on the north side of WPSH and relatively weak ITCZ convection on the south. Each of westward extension of WPSH corresponds to a significantly enhanced heating to the west of WPSH. In mid-troposphere, the vertical variation of heating on the north (south) of WPSH during 12-24 June, 2005, is basically greater(less) than the climatology, which is unfavorable to the northward movement of WPSH. In the mid and late of June 2005, the vertical variation of heating over the eastern coast of the Arabian Sea and the Bay of Bengal (to the west of WPSH) is largely higher than the climatology, which is in favor of the increase of anti-cyclonic vorticity on the west of WPSH, inducing westward extension of WPSH. As a result, the heating on the north and south, and to the west of WPSH work together to make WPSH extend more southward and westward in June 2005, which is in favorable to rainbelts maintaining in South China.
Introduction
In June 2005, large-scale intense rainfall events followed in succession in the southern Jiangnan area (north of 25
• N, east of 110
• E) and much of South China with the consequence that parts of Guangxi, Guangdong, Fujian, Jiangxi, Hunan and Zhejiang were hit by torrential rains, with exceptionally heavy rains measured on a local basis. These events resulted in flooding and landslides, making for considerable casualties and loss of property.
In particular, during June 17-26 a persistent strong rainfall happened to South China and the east of Jiangnan region, characterized by extensive cover and high severity of 100∼200 mm in general and the highest being 400∼1100 mm on a local basis. Overall, the rainfall measurements were 100∼300 mm higher compared to normal for South China areas. In June 2005, the west Pacific subtropical high (WPSH thereafter) was southward and westward of mean, allowing the confluence in the South China Sea of easterly flows from the south side of the WPSH with the SW warm, moist flows from the equatorial India Ocean and the Bay of Bengal, both branches of airflows transporting along the west side of the WPSH plenty of vapor into South China and the Jiangnan area. South China resided in the center of stronger vapor convergence leading to the occurrence and maintenance of torrential rains [1, 2] . Many meteorologists suggest that the flood/drought in South China has close relationship with the seasonal shift of WPSH [3] [4] [5] [6] . In particular, WPSH west-east location and north-south movement are responsible for East Asian monsoon establishment, precipitation over Yangtze River valley and South China. As a primary member of the East Asian monsoon, WPSH associates closely to diabatic heating and its west-east and north-south shifts, to a large extent, is due to the spatial patterns of diabatic heating [7] . Wu et al. [8] [9] [10] also pointed out that the latent heating of condensation induced by the East Asian monsoon is a key role affecting WPSH locations and intensity. Thereby in this paper, through comparisons with long-term mean status, the position variations of WPSH during heavy rain over South China in June 2005 are mainly studied, and the complete vertical vorticity equation is used to explain how the diabatic heating affects the activity of WPSH. The current study can provide a better understanding of the physical cause of flood in South China due to the shift of WPSH location and give some factual bases and ideas to predict the flood/drought.
Datasets and Methods
The daily NCEP/NCAR reanalysis datasets with 2.5
• × 2.5
• horizontal resolution and WPSH ridge line Index data from CMA.
Heating source calculation
Atmospheric heating source Q 1 in the paper is calculated as follows [11] :
where κ = R/c p , R and c p are the constants for dry air gas and specific heat at constant pressure respectively and θ is the potential temperature. The three terms in the right brackets describe local variation, horizontal advection and vertical transport separately. Q 1 denotes the heating rate per unit time and mass. Equation (1) can be rewritten as.
Equation (2) is integrated from p t (100 hPa) to p s (surface pressure) in the whole layer and reaches the following form of
where = 1 g ps pt () dp. It can be seen that the atmospheric apparent heating source Q 1 is consisted of radiative heating (cooling) Q R , latent heating from precipitation LP and surface sensible heating SH.
Discussion on the complete vertical vorticity equation
The complete vertical vorticity Eq. [12] can be written as
where θ z = ∂θ/∂z, P E is Ertel geopotential vorticity, C d is the parameter representing atmospheric thermal structure, and others are meteorological symbols in common use. Respectively, the first four terms on the righthand side represent the vertical motion, heating source, internal variation in the atmospheric thermodynamics and effect of frictional dissipation on vorticity; the last three terms on the right-hand side are contributions from spatial inhomogeneous heating.
Taking no account of the effects of internal variation in the atmospheric thermodynamics, heating source and frictional dissipation but only the apparent heating source Q 1 , Eq. (4) can thus be rewritten as
From a scale analysis [8] , the vertical motion and horizontal inhomogeneous heating induced by the atmospheric apparent heating source are at 10 −11 ∼10 −12 order of magnitudes, which is one order of magnitude or more smaller than the forcing by apparent heating source vertical variation (10 −10 ). Then, Eq. (5) is changed to 
Behavior of WPSH in June 2005

Relationship between Spatial Distribution of Diabatic Heating and Location of WPSH
There are complex interactions between WPSH and convective heating on the north/south sides and east/west sides. By scale analysis and numerical simulations based on the complete vertical vorticity tendency equation, Wu et al. [8] [9] [10] confirmed that condensation latent heating had an important role to play in determining the summertime location and intensity of the Eastern Hemispheric WPSH. Thus, this section will focus on the effects of convection-induced diabatic heating on WPSH in June 2005 and the difference from the climatological mean. Figure 3 shows that WPSH shifts along a north-south direction in June. As for the climatological mean ( Fig. 3(a) ), there is, through the year, a strong heating center south of WPSH that is stronger in evidence than the north side of WPSH. That is due to continuous convective development at ITCZ south of WPSH. WPSH moves northward by season, and during different periods, there is various heating distribution in WPSH ridge and the north of it. In the first ten days of June, WPSH withdraws eastwards and locates east of 130
• E after the onset summer monsoon, and convection develops on the west of WPSH (120-130 • E) due to weak western ridge and a corresponding weak heating appears over the WPSH (a) (b) region at 120-150 • E. In the middle ten days of June, along with the northward movement, WPSH locates on the cooling area where radiative cooling and upward sensible heating are dominant. There is the heating areas of subtropical monsoon rainband to the north of WPSH, where Q 1 significantly increased. It is noted that the contour of 5880 gpm only appears during this period, which suggests a strongest WPSH that time. The area encircled by the 5880 gpm contour is corresponding to descending cloudless region, which is thus surrounded by zero heating contour. Different from the climatology, the WPSH ridge steadily maintained at the south of 15
• N during the early June, 2005 (Fig. 3(b) Fig. 3(b) . of WPSH (Fig. 4(a) ). In comparison with the climatology, WPSH was characterized by westward extension in June 2005 (Fig. 4(b) ). In the first ten days of June, the western ridge point of WPSH located at the east of 140 • E; On 11 June, WPSH extended westward to 130
• E (as shown by solid arrows in Fig. 4(b) ), and then moved quickly eastward (as shown by dotted arrows in Fig. 4(b) ) and again extended to 120 • E around 16 June. WPSH extended westward thirdly to the west of 120 • E on 21 June. It is noted that there were high-value heating centers to the west of WPSH (the Bay of Bengal area) company with the western extensions of WPSH. While the high-value heating centers on the west of WPSH (the east of 110
• E) were corresponding to the retreats of WPSH. In general, there was relatively weak heating in the WPSH area surrounded by the 5880 contour and the WPSH center was usually a cooling area. (6), we obtain
Effects of Vertical Variation of Diabatic
That is, the local change of vorticity depends mainly on the vertical variation of diabatic heating on the south/north side of WPSH. (Fig. 6 ).
Effect of vertical variation of diabatic heating to the west of WPSH on its westward movement
In this section, we will discuss the effect of vertical variation of diabatic heating to the west of WPSH on WPSH's position. to the east of the heating source (on the west of WPSH), leading to the westward movement of WPSH. 
Conclusions
